The microstrip circuit is completely contained in a shielding, conducting rectangular box. The coordinate system is oriented so as to emphasize the fact that the fields are represented as a sum of homogeneous rectangular waveguide modes with the waveguide tube aIong the z axis.
II.
METHOD OF ANALYSIS
The rectangular conducting box is treated as two separate waveguides joined at z = h ( Fig. 1) Given a specific current distribution on the surface of the substrate, we must determine the modal coefficients, the~, of the field generated by that surface current. This is accomplished by setting the discontinuity in magnetic field equal to the assumed surface current. Then, using the orthogonality of the modal vectors, we may determine thẽ of the field generated by the current In the following equations, $(x) denotes a pulse function which is a function of x, and j(y) denotes a pulse function which is a function of y. G(Ax) is the constant, derived above, which is obtained when~(.x) is multiplied by a sine or cosine and integrated over the domain of (x). The same holds for G(Ay). We indicate distinct (x) and G(Ax) functions by subscripts. Quantities relating to a source subsection are indicated by a prime.
Quantities relating to a field subsection remain unprimed. A primed modal function indicates that the modal vector is to be evaluated at the center of the source subsection, e.g., g< = gl(xo, .?JO ). An unprimed modal function is to be evaluated at the field point (or center of the field subsection).
In general, we consider a current distribution of the form~= YX.l(x)~z(y)uX +~,~3(x)~d(y)uY. 
B. The Source Model
Microstrip circuit inputs and outputs are usually taken at the edge of the substrate by means of a coaxial cable penetrating the shielding sidewall at z = h. The coax shield is connected to the microstrip shield, and the coax center conductor is attached to a microstrip conductor. The coax aperture can be modeled by a conductorbacked circulating magnetic current. We assume that the aperture is small and that the aperture current has negligible effect. When we compare measured data with calculated data [4], [6], we find that the contribution from the aperture field is important and that it can be modeled as a small fringing capacitance in shunt with the connector.
We model the current injected by the coax center conductor as a subsection of current directed perpendicularly to the sidewall and centered on the sidewall. The port subsection uses the same roof-top current distribution.
This facilitates the transition from the port subsection to microstrip subsections. In the analysis, we set the tangential electric field to a constant value on all port subsections and to zero on all other subsections.
C. Evaluation of Input Admittance
We initially discuss the input admittance of a one port circuit. Quantities associated with that port are designated by subscript 1. Elements in the admittance matrix of the entire rnicrostrip system have double numerical subscripts.
We use the usual variational expression [1, pp. 348-349] r; y=-J/ E. Jds Since E or J is zero everywhere except at the port subsection, we need only consider the port subsection. The weighted integral of the electric field on that subsection is equal to one by definition.
The current on the subsection is proportional to that same weighting function, the constant of proportionality being Yll = ,fI. Thus, the denominator of the above expression is just Y1l. The input current is the Dynamic arrays (a data type available in Pascal) were used extensively in developing a complex vector data type which was used to vectorize the software.
On the IBM-PC a small circuit (a dozen subsections)
can be analyzed in a few minutes. Larger circuits (100 subsections) require several hours per frequency. The VAX version of the analysis provides a factor of ten improvement. The software has not been optimized. A mouse-based microstrip geometry capture program has also been written.
A five-section low-pass filter was subdivided into 611 subsections in less than an hour using thk program. [1]
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